Introduction
Clean air is critical for children's health and wellbeing. Megacities around the world exceed the standards for air pollutants and many samples from children populations are showing an primary target of multidisciplinary intervention strategies, the deleterious effects of exposure to air pollution may at the same time be more rigorously defined at a systemic developmental level, and lead to a more thorough understanding of the roles needed to protect exposed children.
The perspective guiding the present review indicates the need of a multidisciplinary approach; not only to address the issue's complexity and challenges but also to make developmental, behavioral and clinical researchers and practitioners (in neuroscience and allied disciplines) aware of the wide spectrum of air pollution effects and the potential impact on their daily practice. Through the integration of various fields of research and expertise, informed and clear presentation of current air pollution research and dynamically structured intervention strategies, the negative impact of exposure to airborne pollutants on child development could be alleviated.
Air pollutants
Air quality is often defined by various indices reflecting the concentrations of six criteria air pollutants: particulate matter (PM), ozone Indoor air pollutants, including tobacco smoke, emissions from cook stoves, mold, plasticizers, flame retardants, and pesticides also represent a major source of harmful substances. Indoor air quality in schools is a major issue, the presence of mold, poor air quality, close proximity to major highways, and contaminated playgrounds can result in serious health problems [5, 6] . Moreover, there are major disparities in indoor air pollution exposures related to SES: the lower the SES, the higher indoor exposures [7] .
Effects of air pollution on the developing brain
Animal models of air pollutants and brain development
There is a convergence of human, animal, and in vitro studies on the effects of air pollution on the brain. Animal models exposed to air pollutant components such as ozone, PM, diesel nanoparticles (NP), endotoxins, etc., have contributed to our understanding of the potential mechanisms acting upon the CNS. brain plasticity changes in the rat analogous to those seen in Alzheimer's disease [14] . In rats, cigarette smoking a powerful source of oxidative stress and particles reduces the expression of pre-synaptic proteins, impairs axonal transport and produces neurodegenerative changes as those seen in Alzheimer's disease [15] . In animal models, prenatal exposure to either one or a combination of criteria pollutants causes permanent changes in neurotransmitters and alters brain development, most commonly resulting in long-term deficits in functions associated with one or more memory systems [10, [16] [17] [18] .
The effects of air pollution on children's brain
In spite of the complexity of action and effects, the evidence shows that developmental detrimental effects in animals are analogous to the effects that are observed in children [19] . Children are among those most vulnerable to suffering adverse health effects due to exposure to high levels of air pollution. Due to their higher breathing rate to body size ratio, and less developed natural barriers in the lungs warding against inhaled particles children are subject to heightened sensitivity to airborne pollutants in the their environment [20] . The healthy development of natural barriers such as the blood-brain barrier, nasal, gut and lung epitheliums are of crucial importance for a child's healthy developmental outcome. These barriers have been shown to be compromised in young urbanites exposed to air pollution [21] , thus reducing the brain's capacity to protect itself against potentially dangerous toxicants/ particles. Children also consume more air and water per unit of body size when compared to adults [22] , and also spend a significant [21] , subsequently increasing their concentration in the CNS. White matter hyperintensities (WMH), or areas of demyelinated neurons resulting from reduced blood flow visible using magnetic resonance imaging (MRI), have been observed in children exposed to high levels of air pollution [24] .
The presence of WMH has a negative impact on a neuron's ability to synapse successfully, impairing its ability to communicate. WMH have been consistently associated with global cognitive deficits [25, 26] . In the context of children exposed to air pollution, WMH Recent epidemiologic studies in cities across the world provide convergent confirmatory evidence of the link between exposure to similar air pollution components, and neurobehavioral outcomes similar to those observed in MCMA children [36] . In particular, vehicular emissions which are one important source of particulate pollution, have been associated with higher prevalence of frontal executive function deficits of preschool (2 to 5 year olds) and school aged children (6 to 14 year olds) in India [37] , Boston [38] , Cincinnati [39] , New York City [40, 41] , China [42] , Barcelona [43] and Japan [44] .
The reviewed evidence strongly suggests that air pollution exposed children experience (Fig. 1B) [35] . The blood-brain barrier in children has been observed to be more permeable during development than later in life [21] , increasing the likelihood of Regarding the role of a mechanistic pathway (Fig. 1) , one gap in our knowledge concerns the understanding of multiple concurrent underlying systemic mechanisms by which several observed developmental health effects and disease processes arise as a result of exposure to air pollution. In this context, particularly relevant is current evidence that air pollutants have an influence at the epigenetic levels [47] . The most recent and comprehensive reviews show that the majority of the findings to date reveal that polycyclic aromatic hydrocarbon (PAH) and PM 2.5 may have modest effects on methylation levels of certain CpG (cytosine being 5´ to the guanine base) dinucleotide sites within candidate genes linked with cancer, cardiovascular and respiratory diseases [48, 49] . However, the data are too scarce and the methods too Future studies need to be designed so that this limitation can be overcome.
Related to the domain of epigenetics (see [51] ), an increasing amount of studies suggests links between maternal, prenatal and early air pollution exposure, neuroinflammation and autism spectrum disorder (ASD) (for example, [52] [53] [54] 
